Clotting of bovine fibrinogen. Calcium binding to fibrin during clotting and its dependence on release of fibrinopeptide B.
Polymerization of bovine fibrinogen acted upon by thrombin is accompanied by binding of Ca2+ and a concomitant decrease of the free Ca2+ concentration. The latter can be recorded by a Ca2+-selective electrode as a shift in the electrode potential. The shift shows marked dependence on the initial free Ca2+ concentration, being maximal at about 10(-4.1) M and decreasing sharply on either side of this. Thus, the effect is limited to the 10(-3)-10(-5) M free Ca2+ concentration range. From the initial and the final value of the electrode potential during a clotting experiment, the amount of Ca2+ bound to fibrinogen and fibrin, respectively, can be calculated. The difference between the two, plotted against free Ca2+ concentration, gives a bell-shaped curve. This indicates that the reason for the Ca2+ binding is a shift of the pK of some groups from a lower to higher value. The recordings can be used for evaluation of the kinetics of the Ca2+ uptake. However, they have to be corrected for the effect of the continuous shift in the free Ca2+ concentration during the experiment. The reaction does not follow simple kinetics, showing a lag period. Therefore, rates were estimated from inverse half-reaction times. Half-times of the corrected curves show that the reaction is first order with respect to thrombin. Moreover, the rate of Ca2+ uptake is identical with that of the conformational change seen in differential scanning calorimetry [Donovan, J.W., & Mihalyi, E. '1985) Biochemistry 24, 3434]. The inverse rate and the final corrected Ca2+ uptake increase linearly with the initial fibrinogen concentration. Concomitant estimates of fibrinopeptide A and B release showed that the Ca2+ uptake runs parallel to the release of fibrinopeptide B. Fibrinopeptide A was released largely during the lag period of the Ca2+ uptake. In agreement with this, clotting with Ancrod, an enzyme that liberates only fibrinopeptide A, was not accompanied by binding of Ca2+. Thus, polymerization is not sufficient for the Ca2+ uptake to occur; liberation of fibrinopeptide B seems to be obligatory. Further support for this was obtained with experiments with the polymerization inhibitor Gly-Pro-Arg-Pro. The tetrapeptide inhibits polymerization and also, proportional to this, release of fibrinopeptide B [Hurlet-Jensen, A., Cummins, H.Z., Nossel, H.L., & Liu, C.Y. (1982) Thromb. Res. 27, 419; Lewis, S.D., Shields, P.P., & Shafer, J.A. (1985) J. Biol. Chem. 260, 10192]. Calcium uptake was also depressed by the tetrapeptide in a way similar to its effect upon fibrinopeptide B release.